Solar radiation energy is used by vegetation, which predetermines the existence of biosphere. The plant uses 1-2% of the absorbed radiant energy for photosynthesis. All the remaining share of the absorbed energy, accounting for 99-98%, converts into thermal energy in the plant leaf. At the lowest wind under natural surrounding air conditions, plant leaves change their position with respect to the Sun. An oscillating plant leaf receives a variable amount of solar radiation energy, which causes changes in the balance of plant leaf energies and a changing emission of heat in the leaf. The analysis of solar radiation energy pulsations in the plant leaf shows that when the leaf is in the edge positions of angles 10 o , 20 o and 30 o with respect to the Sun, 1.5%; 6% and 13% less of radiation energy reach the leaf, respectively. During periodic motion, when the amplitude of leaf oscillation is no bigger than 10 o , the plant surface receives up to 1.6% less of solar radiation energy within a certain period of time, and when the amplitude of oscillation reaches 30 o up to 14% less of solar radiation energy reach the leaf surface. The total amount of radiant energy received during pulsations of solar radiation energy is not dependent on the frequency of oscillation in the same interval of time. Temperature pulsations occur in the leaf due to solar radiation energy pulsations when the plant leaf naturally changes its position with respect to the Sun.
Introduction
Solar radiation energy is used by vegetation, which predetermines the existence of biosphere. The plant uses 1-2% of the absorbed radiant energy for photosynthesis. All the remaining share of the absorbed energy, accounting for 99-98%, converts into a form of thermal energy in the plant leaf. Plants absorb 80-85%, reflect around 10 % and pass through leaves 5-10% of visible sunlight A green leaf selectively absorbs solar radiation energy. In the area of UV radiation, in in the area of visible and farinfrared rays (>1μm) -80-95%, in the area of nearinfrared rays (0.7-1.0 μm) -5-15%. In the area of visible rays, the blue and red rays show higher absorption (90-95%) than the green rays (50-80%). Rays of the infrared ray (>1μm) area are mainly absorbed by water contained in plant tissues. Under natural environmental conditions, the plant leaf absorbs 35-50 % of the integral (0.3-4.0 μm) radiation of the Sun. The major part (75-85%) is absorbed from the Sun's radiation of wave length (0.38 -0.72 μm), which concentrates around 45-50% of the Sun's integral radiation. The effect of radiation on plants depends on a wave length (spectrum) and radiation density W/m 2 . The essential purpose of light is the transformation of its energy to carbon compounds. In a year, vegetation of the Earth assimilates around 640 bn tons of carbon dioxide and emits around 500 bn tons of free oxygen thus reducing environmental pollution (Iлькун 1967; Šlapakauskas 2006) .
The plant together with the surrounding environment forms an integral undivided system -an agrofit environment. The main factors of forecasting and assessing the effect of the agrofit environment on the plant include light (radiant energy), temperature (heat) and moisture (water). These three environmental factors (as the thermal energy factors), predetermining the conditions of plant's productivity, minimum existence and death, can be analysed by the method of the plant's balance of energies through the employment of the laws of thermodynamics. According to the first law of thermodynamics, one form of energy may transform into another one. In this transformation energy is neither destroyed nor created.
H. T. Browh and F. Escombe were the first to employ the method of the balance of energies in vegetation research in 1905. Later the method was applied in many research papers. The balance of plant's energies was analysed with the aim to evaluate its relationship with physiological processes occurring in the plant, i.e. transpiration, photosynthesis and convective heat exchange (Ruseckas 2002; Iлькун 1967; or theoretically substantiate or advance technological processes Kajalavičius 1992; Kerpauskas et al. 2006) .
Plant leaves are malleable. At the lowest wind under natural ambient air conditions, plant leaves change their position with respect to the Sun. An oscillating plant leaf receives a variable amount of solar radiation energy, which changes the balance of plant leaf energies, as well as changing heat emission in the leaf, respectively. It is common knowledge that changing radiation exposure activates processes occurring in the plant leaf (Hayashi 2001; Stašauskaitė 1995; Lafta, Lorenzen 1995; Šlapakauskas ir Duchovskis 2008) .
The aim of research is to analyse the balance of energies in the plant leaf in order to determine the pulsations of the Sun's radiant energy, which are caused by plant leaf oscillations with respect of the Sun.
The methods of research
The method of the balance of energies is employed to theoretically analyse energy and humidity environmental exchange processes. According to this method, any moment of the plant's existence is subject to the equality between the energy received, accumulated, used for biological processes and transferred to the environment (in a form of heat and water vapour), i.e. ∑Q = 0 Herve et al. 2002; Venslauskas 1996) .
When analysing the dependence of plant leaf temperature pulsations on a single factor, i.e. leaf oscillations with respect of the Sun, the processes of energy metabolism, occurring in the plant leaf, are schematised.
Investigation results
The equation of the balance of energies is applied for the plant leaf. No condensation of humidity present in the air is possible on the leaf surface during sunny time of the day and therefore a member of the energy balance, evaluating the condensation of moisture, equals zero and is excluded from the evaluation. A heat flux within leaf stem tissues when the leaf stem's cross-section is small at a low gradient of temperature, thermal conductivity and plant sap flow should also be rejected. Under the mentioned conditions, the equation of the balance of plant energies is as follows:
(1)
where Q 1 -flux of the Sun's radiation energy absorbed by the plant, J/s; Q 2 -heat flux, transferred to or received from the environment during convective heat exchange, J/s; Q 3 -heat flux used for transpiration and transferred to the environment in a form of water vapour, J/s; Q 4heat flux for photochemical reactions in an energy form or other exothermal and endothermic processes occurring in the plant, J/s; Q 5 -heat flux participating in the process of plant tissue thermal accumulation, J/s. The period of research was selected at the constant radiation of the Sun, i.e. Q 1 = const. For a very short period of time dτ, it is assumed that biological processes occurring in the plant leaf remain stable and use a constant amount of solar energy. Then, the amount of energy used for biological processes in the plant leaf Q 4 can be expressed as follows:
,
where n -the coefficient that evaluates the part of the absorbed solar energy, which is used for biological pro-cesses in the plant, n = 0.04-0.05 (Šlapakauskas 2006; Iлькун 1967) .
The portion of the absorbed solar energy remaining in the plant leaf will be used for transpiration and convective heat exchange with the environment. Then, at the plant's steady energy metabolism (Q 5 = 0), the equation of the balance of energies may be as follows:
It is assumed that in this very short period of time the intensity of transpiration (Q 3 = const) and convective heat exchange (Q 2 = const) remain stable. This can be done using average intensity values of transpiration and convective heat exchange.
The steady energy metabolism in the plant leaf changes with the change of the amount of the Sun's radiation energy received by the leaf. Impacted by the wind, the plant leaf oscillates and respectively receives an alternating amount of the Sun's radiation energy. The plant leaf also receives an alternating amount of the Sun's radiation energy due to a sudden change in cloudiness, ventilation of greenhouses or installation of mobile equipment intended for plant irradiation. In a natural environment, chaotically moving air moves plant leaves. Leaves change their position with respect to the Sun with the change of the leaf position angle β (Fig. 1) .
When the leaf changes its position from B to C with respect to the Sun (Fig. 1a ), the amount of the Sun's radiation energy, absorbed by the leaf, decreases. The reason for decrease of this type of energy is analysed below.
The quantity of the Sun's radiation energy that reaches the leaf surface at the Sun's heat flux density q 1 = const is directly dependent on the size of the plant leaf surface area F projection to the plane perpendicular to a ray fall direction. Upon assuming that the ray fall direction is perpendicular to the plant leaf plane, the projection of the plant leaf surface area in position B would be F xB (Fig. 1b) .
When the plant leaf position changes from B to C, the projection of the plant leaf surface area to the plane perpendicular to the ray fall direction would decrease by value ΔF x and would be F xC , respectively (Fig. 1b) . The value ΔF x shows a decrease in an active surface area of the plant leaf when the leaf position with respect to the Sun changes by angle β, which is found according to the equation:
(1 cos )
where ΔF x -decrease of an active surface area of the plant leaf when the leaf position with respect to the Sun changes, cm 2 ; F xB , F xC -the projection of the plant leaf surface area in positions B and C, respectively ( Fig. 1b) , cm 2 ; F -plant leaf area, cm 2 ; β -the angle rad of the plant leaf position with respect to the Sun.
At such a decrease in the projection of the plant leaf surface area due to the change of the leaf position with respect to the Sun, the amount of heat that reaches the leaf surface when the leaf position changes from B to C will also decrease by value ΔQ 1 .
When the flux density of the Sun's absorbed energy q 1 = const, the decrease ΔQ 1 of the heat quantity that reaches the leaf surface Q 1 due to changed plant leaf position by the angle β will be expressed by the following dependence: Plant organs and parts are in a constant dynamic equilibrium and therefore a change in plant leaf temperature is described by the change of the balance of energies of the plant organ or any part thereof at a certain moment of time. The plant organ temperature change by value Δt, as an expression of a dynamic energies balance, manifests itself via the process of thermal accumulation.
The intensity of transpiration Q 3 and convective heat exchange Q 2 within a very short elementary period of time dτ remains constant and, therefore, when leaf temperature changes by value Δt the lack of energy is compensated by heat Q 5 accumulated in the plant leaf.
With the aim to determine a change in the plant leaf temperature, the following equation of the balance of energies is applied for the process in question:
The member of the balance of energies equation (1−cos β), expressing a decrease in energy reaching the leaf surface, will change in the course of time depending on the angle size of the leaf position with respect to the Sun.
Quantity of heat Q 5 accumulated in the plant leaf is expressed by the following equation:
where ρ − plant leaf density in g/cm 3 ; c − specific thermal capacity of the plant leaf in J/(g·K); V − plant leaf volume in cm 3 ; Δt -temperature change in the plant leaf °C;
τ − time in s.
The following markings will be used in further analysis of the plant leaf temperature change due to pulsations of the Sun's radiation energy at any moment of time: According to markings (8), the member Q 2 of the balance of energies equation (3), describing convective heat exchange between the plant leaf and the environment, will be expressed by the following equation:
where α − the plant leaf's heat transfer coefficient J/(s·cm 2 ·K); F − the plant leaf area in cm 2 .
The member Q 3 of the balance of energies equation (3), also describing the process of transpiration, is expressed by the following equation: ,
where: w -intensity of transpiration g/(cm 2 ·s); r − heat of evaporation J/g. Considering the fact that the intensity of transpiration Q 3 and convective heat exchange Q 2 within the elementary period of time dτ remains constant, and expressions (9) and (10), the balance of energies equation (3) is changed as follows:
The expression (11) shows that the quantity of radiation energy that reaches the leaf surface in a form of heat Q 1 equals:
Consequently, considering the expressions (7), (8) and (12), the balance of energies equation (6) is changed as follows:
The member n − − 1 cos 1 β of equation (13) is marked by S. In terms of physics, this value expresses a decrease in the absorbed solar radiation energy. The decrease of the absorbed solar radiation energy S can be assumed as a constant value at a certain moment τ i of the leaf position C i or as a changing one according to a certain regularity that is predetermined by leaf oscillations.
Upon separating the variables ϑ and τ of the equation (13), integrating and turning into algorithms the obtained expression, the following equation is obtained:
The integration constant C is expressed from the equation (14):
At the initial period of time when τ = 0, temperature difference 0 = ϑ , and therefore the constant of integration C is equal to:
The solution of the equation (13) 
Considering the fact that plant leaf volume V = Fδ (where δ -plant leaf thickness in cm) and the introduced markings of temperature (8), the final expression of a temperature change in the plant leaf is obtained:
As the expression (18) shows, the temperature change Δt on the surface of the plant leaf depends on a number of parameters: the initial changes of temperatures between the leaf surface and the environment (t 0 -t apl ), the intensity of plant transpiration, the heat of evaporation, the heat transfer coefficient, density, specific heat, the coefficient of decrease of the absorbed solar radiation energy S, and plant leaf thickness δ. Of the mentioned parameters, changeable ones are the decrease coefficient of the absorbed solar radiation energy S, whose value is directly dependent on the change of the leaf position angle β with respect to the Sun, and plant leaf thickness. It is common knowledge that the thickness of any plant leaf is not the same within a transverse section (Fig. 2) . Therefore, it is probable that different temperature changes Δt 1 and Δt 2 caused by the Sun's radiation energy pulsations occur on the plant leaf surface due to segments of different thicknesses (e.g., δ 1 and δ 2 ). Thus, there emerge a temperature gradient (grad t) between the mentioned plant leaf segments of different thickness and a temperature difference Δt δ , caused by the difference in these thicknesses. Based on the assumption that Δt 1 >Δt 2 and on the expression (18), the difference of temperatures Δt δ between the plant leaf segments of different thicknesses δ 1 and δ 2 can be expressed as follows:
( )
The analysis of the Sun's radiation energy pulsations and the likely dependence of the plant leaf temperature change on the plant position angle β offers two cases. In the first case, a decrease in energy reaching the plant surface is measured according to the size of angle β at a certain time moment τ (Fig. 3a) .
Under natural conditions, the angle of the leaf position β with respect to the Sun may change in time, i.e. β = f (τ). In this case, the change of angle β may be described by a certain periodic function (Fig. 3b) .
For the second case in question (Fig. 3b) it is assumed that the plant leaf oscillates in a semicircle trajectory, which can be described by the sine function. In this case, the change of the plant position angle size is described by the following equation: (18) where: β A − leaf oscillation amplitude, rad; f -leaf oscillation frequency, s -1 ; τ − time, s; φ 0 − initial phase of oscillation (assumed in calculations φ 0 = 0), rad. As mentioned before, the solution (18) of the equation (13) is directly dependent on the decrease coefficient of the Sun's radiation energy absorbed by its member S, which in both cases discussed ( Fig. 3a and b) is expressed by the following equations, respectively:
As the expression (21) shows, the decrease coefficient of the absorbed solar radiation energy S 1 does not depend on the duration of the plant leaf's being in a certain position. The coefficient S 1 value is determined by the size of the plant leaf position angle β.
Values of the decrease coefficient of the absorbed solar radiation energy S 1, calculated according to the expression (21) are given in Fig. 4 .
The analysis of values of the decrease coefficient of the absorbed solar radiation energy S 1 shows that when the plant leaf is at the angles of 10°; 20° and 30° with respect to the Sun, the coefficient S 1 values are 0.015; 0.06 and 0.13, respectively. These findings show that when the plant leaf is in the mentioned positions of angle β with respect to the Sun, 1.5%; 6% and 13% less of radiation energy reach the plant leaf, respectively.
Values of the decrease coefficient of the absorbed solar radiation energy S 2 that is periodically changing in time depend on the plant leaf oscillation amplitude β A and oscillation frequency f, whose value is directly dependent on the number of oscillations within a certain period. Calculations were made on the assumption that plant leaf oscillation frequency f is 0,5 s -1 ; 1 s -1 and 2 s -1 , the minimum plant leaf oscillation amplitude β A = 10°, and the maximum amplitude β A = 30°.
Values of the decrease coefficient of the solar radiation energy S 2 , calculated according to expression (22), when the plant leaf oscillation amplitude β A = 10° and β A = 30°, are given in Fig. 5 (a and b) . When the plant oscillation amplitude reaches 30°, values of the decrease coefficient of solar radiation energy S 2 are up to 8.75 times higher than in the case of the leaf oscillation amplitude of 10°. This shows that when the leaf oscillation amplitude increases three times, a decrease in the amount of solar radiation energy that reaches the plant surface exceeds the increase of the amplitude, i.e. the decrease of radiant energy amount is not directly proportional to the increase of the plant leaf oscillation amplitude. Pulsations of the Sun's radiation energy decrease occur in certain intervals of time depending on the plant leaf oscillation frequency (Fig. 5) .
The calculation results of the coefficient S 2 at different frequencies of the plant leaf show that the total decrease of the radiation energy amount within a certain time interval does not depend on the leaf oscillation frequency. Energy decrease is reflected by the area limited by the coefficient S 2 function graph, expressing the amount of radiation energy. As Fig. 5 shows, the total radiation energy amount obtained during pulsations of the Sun's radiation energy in 1 s is the same regardless of the oscillation frequency and therefore does not depend on the oscillation frequency in the same interval of time. The oscillation frequency predetermines the size of energy decrease, i.e. the value of coefficient S 2 in a certain moment of time.
When the plant leaf periodically oscillates at the amplitude β A = 10 o , up to 1.6% less of the Sun's radiation energy reach its surface in a certain time (Fig. 5a ). When the plant leaf oscillation amplitude reaches up to 30 o , up to 14% less of the Sun's radiation energy reach the leaf surface in a certain period of oscillation (Fig. 5b) .
As the results of the decrease coefficients of the absorbed radiation energy S 1 and S 2 show, they will have a direct determinant effect on temperature changes in the plant leaf. Based on the obtained results of these coefficients, the plan is to conduct research on the effect of the Sun's radiation energy pulsations on the plant leaf temperature changes. 
